Molecular biology of the long QT syndrome: impact on management.
The long QT syndrome (LQTS) is a familial disease characterized by prolonged ventricular repolarization and high incidence of malignant ventricular tachyarrhythmias often occurring in conditions of adrenergic activation. Recently, the genes for the LQTS inked to chromosomes 3 (LQT3), 7 (LQT2), and 11 (LQT1) were identified as SCN5A, the cardiac sodium channel gene and as HERG and KvLQT1 potassium channel genes. These discoveries have paved the way for the development of gene-specific therapy for these three forms of LQTS. In order to test specific interventions potentially beneficial in the molecular variants of LQTS, we developed a cellular model to mimic the electrophysiological abnormalities of LQT3 and LQT2. Isolated guinea pig ventricular myocytes were exposed to anthopleurin and dofetilide in order to mimic LQT3 and LQT2, respectively. This model has been used to study the effect of sodium channel blockade and of rapid pacing showing a pronounced action potential shortening in response to Na+ channel blockade with mexiletine and during rapid pacing only in anthopleurin-treated cells but not in dofetilide-treated cells. Based on these results we tested the hypothesis that QT interval would shorten more in LQT3 patients in response to mexiletine and to increases in heart rate. Mexiletine shortened significantly the QT interval among LQT3 patients but not among LQT2 patients. LQT3 patients shortened their QT interval in response to increases in heart rate much more than LQT2 patients and healthy controls. These findings suggest that LQT3 patients are more likely to benefit from Na+ channel blockers and from cardiac pacing because they are at higher arrhythmic risk at slow heart rates. Conversely, LQT2 patients are at higher risk to develop syncope under stressful conditions, because of the combined arrhythmogenic effect of catecholamines with the insufficient adaptation of their QT interval. Along the same line of development of gene-specific therapy, recent data demonstrated that an increase in the extracellular concentration of potassium shortens the QT interval in LQT2 patients suggesting that intervention aimed at increasing potassium plasma levels may represent a specific treatment for LQT2. The molecular findings on LQTS suggest the possibility of developing therapeutic interventions targeted to specific genetic defects. Until definitive data become available, antiadrenergic therapy remains the mainstay in the management of LQTS patients, however it may be soon worth considering the addition of a Na+ channel blocker such as mexiletine for LQT3 patients and of interventions such as K+ channel openers or increases in the extracellular concentration of potassium for LQT1 and LQT2 patients.